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There are different assumptions on the substructure of the pentaquarks Pc(4380) and Pc(4450),
newly founded in J/ψN invariant mass by the LHCb collaboration, giving consistent mass results
with the experimental observations. The experimental data and recent theoretical studies on their
mass suggest interpretation of these states as spin-3/2 negative-parity and spin-5/2 positive-parity
pentaquarks, respectively. There may exist opposite-parity states corresponding to these particles,
as well. Despite a lot of studies, however, the nature and internal organization of these pentaquarks
in terms of quarks and gluons are not clear. To this end we need more theoretical investigations
on other physical properties of these states. In this accordance, we study a strong and dominant
decay of the Pc(4380) to J/ψ and N in the framework of three point QCD sum rule method. An
interpolating current in a molecular form is applied to calculate six strong coupling form factors
defining the transitions of the positive and negative parity spin-3/2 pentaquark states. The values
of the coupling constants are used in the calculation of the decay widths of these transitions. The
obtained results are compared with the existing experimental data.
The long and controversial history of pentaquark states has reached to a new stage with the announcement of
the observation of two Pc(4380) and Pc(4450) states in 2015 by the LHCb Collaboration [1]. The possible quark
substructure of these hadrons are different from the conventional hadrons composed of a quark and an antiquark
or three quarks/antiquarks according to quark model. However, neither the quark model nor the QCD exclude the
existence of these non-conventional hadrons. As a result of that, they have been investigated both theoretically and
experimentally for very long time to obtain indications for their existence. Finally these indications were attained by
LHCb [1] putting them at the focus of interest.
Considering the possibility of their existence, these types of states were studied extensively even before their
observation in 2015. Their properties were investigated theoretically (see for instance Refs. [2–13]). In the experimental
side for a pentaquark state with quark content uudds¯ (Θ+), the observation was firstly claimed in 2003 in the
interaction γn→ nK+K− [14]. This claim was followed by the other experimental investigations [15–28] which ended
up with either positive or negative signals leaving us with an ambiguity in their observation story. In the meantime
there was an intense struggle in the theoretical side of researches to provide an explanation to experimental indications
or provide insights into them [see the Ref. [29] and the references therein].
In 2013 with the observation of Zc [30], being an indication for the existence of pentaquark, the attentions have
centered upon pentaquarks again. While there still were some null results coming from experimental researches
such as the results of ALICE Collaboration investigating φ(1869) pentaquark [31] and J-PARC E19 Collaboration
searching for Θ+ [32], the theoretical studies were indicating necessity for searching the pentaquark states with heavy
quark contents [33]. Finally there came the long sought result from the LHCb Collaboration with the announcement
of the observation of P+c (4380) and P
+
c (4450), in the Λ
0
b → J/ψK
−p decay with masses 4380 ± 8 ± 29 MeV and
4449.8± 1.7± 2.5 MeV, spins 3/2 and 5/2 and decay widths 205± 18± 86 MeV and 39± 5± 19 MeV, respectively [1].
That was followed by interpretation of other states as possible pentaquark states [34–37] such as some of the newly
observed Ωc states by LHCb [38] and the states N(1875) and N(2100).
After the observation of LHCb there have been intense theoretical works to explain the properties of these states.
They were investigated through different models. The Ref. [39] provides a review on these models which covers
the multiquark states including pentaquarks and their possible experimental measurements. They were investi-
gated through meson-baryon molecular model [40–56], diquark-triquark model [44, 57, 58], diquark-diquark-antiquark
model [44, 59–64], and topological soliton model [65] to gain informations on the substructure and properties of them.
Their properties were also studied using a variant of D4-D8 model [66]. The Refs. [67–70] discussed their being
kinematical effects due to triangle singularities.
As previously mentioned, following the announcement of the observation of pentaquarks there have been extensive
amount of works on their properties. However to gain a deep understanding on their nature and substructure, which
are still not certain yet, we are in need of more experimental and theoretical investigations which may shed light on
their properties. Studying their possible decay channels may provide valuable insights in this respect. One can find a
few works in the literature which address their decay mechanisms. In Ref. [53] strong decay behaviors of these states
were investigated considering them as molecular states using the spin rearrangement scheme with heavy quark limit.
2With molecular state assumption for Pc(4380), one can find a rough estimation on the partial decay width of it in
Ref. [45]. The strong decay mode J/ψN was also studied in Refs. [42, 71, 72] which also take the structure of Pc(4380)
and Pc(4450) in the molecular form. Magnetic moment of the hidden-charm pentaquark state was studied in Ref. [44]
for three models which are molecular model, diquark-diquark-antiquark and diquark-triquark models. This work
resulted in different magnetic moments for different configurations which indicate that experimental measurements
on magnetic moments of them could be helpful for the determination of their inner structure. In Ref. [73] the
pentaquarks were interpreted as hadroquarkonium states and the partial decay width of the Pc(4450) state, which
could be explained by this model satisfactorily, was estimated as Γ(Pc(4450)→ N + J/ψ) ≈ 11 MeV. Comparing the
obtained result with the experimental data, the Pc(4450) state was interpreted as a member of one of the two almost
degenerate hidden-charm baryon octets with spin-parities JP = 1/2−, 3/2−.
As it can be seen from the references given above, different models could give results consistent with experimental
results for the pentaquark masses. Therefore more works are needed to identify their inner structure. Investigation of
their decay channels may be helpful in this respect. For that purpose, the investigation of the possible decay channels
D¯Σ∗c , J/ψN , D¯
∗Λc, D¯Λc, ηcN , ηc∆ and J/ψ∆, may provide valuable insights. Considering this motivation in this
work we study the decay channel Pc(4380) −→ J/ψN for both the positive and negative parity states associated to
Pc(4380). To calculate the strong coupling constant we apply three point QCD sum rules [74, 75]. To this end, we
use the results of our previous calculation [29] for the masses and residues of these particles. These parameters are
among the main input parameters in the calculation of the coupling constant of the considered decay. In Ref. [29]
the masses and residues were obtained for both positive and negative parity states of the considered pentaquarks. To
fulfill the calculations the interpolating current is chosen in the molecular form [D¯∗Σc] for the J = 3/2 pentaquark
state.
To calculate the physical parameters in QCD sum rules, there are three steps that one follows. First one is the
calculation of a correlator which gives the phenomenological description of the correlator. The second one is the
theoretical calculation of the same correlator using the operator product expansion (OPE). And final stage is the
match of the both descriptions which results in the physical parameters of the hadrons under consideration. To fulfill
these steps the starting point is the construction of the suitable interpolating currents of the hadrons of interest. The
present work deals with Pc(4380) −→ J/ψN decay and these interpolating currents are
JPcµ = [c¯dγµdd][ǫabc(u
T
aCγθub)γ
θγ5cc],
JN = ǫabcu
T
aCγµubγ5γ
µdc,
JJ/ψµ = c¯γµc. (1)
The three point correlation function that is used has the form
Πµν(p, q) = i
2
∫
d4xe−ip·x
∫
d4yeip
′
·y〈0|T {JN (y)JJ/ψµ (0)J¯
Pc
ν (x)}|0〉, (2)
where T represents the time ordering product, JPcν , J
N and J
J/ψ
µ are the interpolating currents given in Eq. 1 which
carry the same quantum numbers with the considered hadrons. Here we would like to make a remark on the current
JPcν . Though the current J
Pc
ν has a definite negative parity, it interacts not only with the negative parity state but
also with the positive parity one. This is due to the fact that the multiplication of the present current by iγ5, that
is iγ5J
Pc
ν , results in a reversion of the parity (see for instance the Refs. [62–64, 76–78] on this subject). Usage of a
current in the form iγ5J
Pc
ν will not give us any independent sum rules from those that are obtained using the current
JPcν . In other words, the above correlation function contains the information of both parity states.
In the physical side of the calculations the interpolating currents are treated as annihilation and creation operators
of hadrons. Therefore this side leads us to the results in terms of hadronic degrees of freedom such as the masses
and the coupling constants of the hadrons. For the calculation of this side we insert complete sets of hadronic states
having same quantum numbers with the interpolating currents into the correlation function and use the following
definitions:
〈0|JPcν |P
+
c (p)〉 = λP+c γ5u
P+
c
ν (p),
〈0|JPcν |P
−
c (p)〉 = λP−c u
P−
c
ν (p).
〈0|JN |N(p′)〉 = λNu
N(p′),
〈0|JJ/Ψµ |J/Ψ(q)〉 = fJ/ΨmJ/Ψεµ, (3)
where fJ/Ψ is the decay constant and εµ is the polarization vector of the J/Ψ state; and we use the superscripts +
and − in the symbolization of |P
+(−)
c 〉 to represent the positive and negative parity states of spin-3/2 pentaquarks.
3Here, λ
P
+(−)
c
and λN are the residues of the P
+(−)
c and N states; and uPcν and u
N are their spinors, respectively. After
performing the four-integrals in Eq. (2) we get
ΠPhysµν (p, q) =
〈0|JN |N(p′)〉〈0|J
J/Ψ
µ |J/Ψ(q)〉〈J/Ψ(q)N(p′)|P+c (p)〉〈P
+
c (p)|J
Pc
ν |0〉
(m2N − p
′2)(m2J/Ψ − q
2)(m2
P+c
− p2)
+
〈0|JN |N(p′)〉〈0|J
J/Ψ
µ |J/Ψ(q)〉〈J/Ψ(q)N(p′)|P−c (p)〉〈P
−
c (p)|J
Pc
ν |0〉
(m2N − p
′2)(m2J/Ψ − q
2)(m2
P−c
− p2)
+ · · · , (4)
where we included both the positive and negative parity ground state contributions as both couple to the same current.
The · · · in Eq. 4 represents the contributions coming from higher states and continuum. In addition to the matrix
elements defined in Eq. (3), the following matrix elements defined in terms of the coupling constants gi and g˜i are
also needed [79]:
〈J/Ψ(q)N(p′)|P+c (p)〉 = u¯
N (p′, s′){g1(qαε
∗/− ε∗αq/)γ5 + g2(P · ε
∗qα − P · qε
∗
α)γ5 + g3(q · ε
∗qα − q
2ε∗α)γ5}u
P+
c
α (p, s),
〈J/Ψ(q)N(p′)|P−c (p)〉 = u¯
N (p′, s′){g˜1(qαε
∗/− ε∗αq/) + g˜2(P · ε
∗qα − P · qε
∗
α) + g˜3(q · ε
∗qα − q
2ε∗α)}u
P−
c
α (p, s), (5)
with P = p+p
′
2 and q = p − p
′. With the substitution of the matrix elements into the Eq. 4, applying summations
over the polarization vector of J/Ψ meson as well as over the Dirac and Rarita-Schwinger spinors using
∑
s
u
P±
c
µ (p, s)u¯
P±
c
ν (p, s) = −(/p+mP±c )
[
gµν −
1
3
γµγν −
2pµpν
3m2
P±c
+
pµγν − pνγµ
3mP±c
]
,
∑
s′
uN(p′, s′)u¯N (p′, s′) = (/p
′ +mN ),
εαε
∗
β = −gαβ +
qαqβ
m2J/Ψ
, (6)
and performing Borel transformation with the aim of suppressing the contributions of the higher states and continuum,
we obtain the final form of the correlation function in the physical side as:
BΠPhysµν (q) = e
−
m
2
N
M
′2
fJ/ψλNmJ/ψ
q2 −m2J/ψ
{[
g1Φ1 + g˜1Φ˜1
]
γµp
′
ν +
[
g1Φ2 + g˜1Φ˜2
]
p/γµp
′
ν +
[
g1
2Φ2
3mN
+ g˜1
2Φ˜2
3mN
− g2
Φ1 − 3mNmP+c
12mP+c
+ g˜2
Φ˜1 + 3mNmP−c
12mP−c
+ g3
Φ1 − 3mNmP+c
6mP+c
− g˜3
Φ˜1 + 3mNmP−c
6mP−c
]
p/p′/γνp
′
µ
−
[
g2
Φ1 − 2mNmP+c
2
+ g˜2
Φ˜1 + 2mNmP−c
2
− g3(Φ1 − 2mNmP+c )− g˜3(Φ˜1 + 2mNmP−c )
]
p′µp
′
ν
−
[
g1
Φ2(mN +mP+c )
3mP+c
− g˜1
Φ˜2(mN −mP−c )
3mP−c
+ g2
mN (Φ1 +mNmP+c − 4m
2
P+c
+ 2q2)
12mP+c
− g˜2
mN (Φ˜1 −mNmP−c − 4m
2
P−c
+ 2q2)
12mP−c
− g3
mN(Φ1 − 3mNmP+c + 2q
2)
6mP+c
+ g˜3
mN (Φ1 + 3mNmP−c + 2q
2)
6mP−c
]
p/γνpµ +
[
g2
Φ2
2mN
+ g˜2
Φ˜2
2mN
+ g3
Φ2
mN
+ g˜3
Φ˜2
mN
]
p/p′/pµp
′
ν
}
+ other structures + . . . , (7)
4where
Φ1 = λP+c
(
m2N +mNmP+c +m
2
P+c
− q2
)
e−
m
2
P
+
c
M2 ,
Φ˜1 = λP−c
(
m2N −mNmP−c +m
2
P−c
− q2
)
e−
m
2
P
−
c
M2 ,
Φ2 = λP+c mNe
−
m
2
P
+
c
M2 ,
Φ˜2 = λP−c mNe
−
m
2
P
−
c
M2 , (8)
and M2 and M ′2 are Borel parameters to be fixed later.
The calculation in the theoretical side is done inserting explicit expressions of the interpolating currents into the
correlation function. Contraction of the quark fields via Wick’s theorem leads us to the result
ΠOPEµν (p, p
′, q) = i2
∫
d4xe−ip·x
∫
d4yeip
′
·yǫabcǫa
′b′c′
{
− Tr[γθCSTba
′
u (y − x)Cγ
βSab
′
u (y − x)]γ5γβS
cd′
d (y − x)γν
× Sd
′d
c (x)γµS
dc′
c (−x)γ5γθ + Tr[γ
θCSTaa
′
u (y − x)Cγ
βSbb
′
u (y − x)]γ5γβS
cd′
d (y − x)γν
× Sd
′d
c (x)γµS
dc′
c (−x)γ5γθ
}
, (9)
where a, b, c, ... are color indices, C is charge conjugation operator; and Su,d and Sc are the light and heavy quark
propagators whose explicit expressions are as follows
Sabq (x) = i
x/
2π2x4
δab −
mq
4π2x2
δab −
〈qq〉
12
(
1− i
mq
4
x/
)
δab −
x2
192
m20〈qq〉
(
1− i
mq
6
x/
)
δab (10)
−
igsG
θη
ab
32π2x2
[
x/σθη + σθηx/
]
−
x/x2g2s
7776
〈qq〉2δab + · · · ,
Sabc (x) =
i
(2π)4
∫
d4ke−ik.x
{ δab
k/−mc
−
gsG
αβ
ab
4
σαβ(k/+mc) + (k/+mc)σαβ
(k2 −m2c)
2
+
π2
3
〈αsGG
π
〉
δabmc
k2 +mck/
(k2 −m2c)
4
+ · · ·
}
. (11)
The correlation function ΠOPEµν (p, q) has again terms containing different Dirac structures and can be written as
ΠOPEµν (p, q) = Π1 γµp
′
ν +Π2 p/γµp
′
ν +Π3 p/p
′/γνp
′
µ +Π4 p
′
µp
′
ν +Π5 p/γνpµ +Π6 p/p
′/pµp
′
ν
+ other structures. (12)
The Πi functions given in the Eq. 12 are calculated via substitution of quark propagators into Eq. 9. This is followed
by the transformation of the calculations to the momentum space. The imaginary parts of the results give us the
spectral densities which are used in the following dispersion integral to obtain the final results of the OPE side
Πi =
∫
ds
∫
ds′
ρperti (s, s
′, q2) + ρnon−perti (s, s
′, q2)
(s− p2)(s′ − p′2)
. (13)
where i = 1, 2, .., 6; and ρperti (s, s
′, q2) and ρnon−perti (s, s
′, q2) are the perturbative and non-perturbative parts of
the spectral densities, respectively. All these steps summarized above result in lengthy expressions for the spectral
densities. In order not to overwhelm the study with overlong mathematical expressions we prefer not to present them
here.
After the calculations of hadronic and OPE sides, to get the QCD sum rules, we choose and match the coefficients of
the same structures from both sides to obtain the coupling constants entering the calculations. We have six coupling
constants and here we only present two of them, g1 and g˜1, to provide insight into the forms of the others which have
5Parameters Values
mc (1.67 ± 0.07) GeV [80]
m
P+c
(4.24 ± 0.16) GeV [29]
m
P−c
(4.30 ± 0.10) GeV [29]
mJ/ψ (3096.900 ± 0.006) MeV [80]
mN (938.272081 ± 0.000006) MeV [80]
λ
P+c
(0.59 ± 0.07) × 10−3 GeV6 [29]
λ
P−c
(0.94 ± 0.05) × 10−3 GeV6 [29]
λ2N (0.0011 ± 0.0005) GeV
6 [81]
fJ/ψ (481± 36) MeV [82]
〈q¯q〉 (−0.24± 0.01)3 GeV3
m20 (0.8± 0.1) GeV
2
〈qgsσGq〉 m
2
0〈q¯q〉
〈αsG
2
pi
〉 (0.012 ± 0.004) GeV4
TABLE I: Some input parameters used in the calculations.
more or less similar forms,
g1 = e
m
2
P
+
c
M2 e
m
2
N
M′2
(m2J/ψ − q
2)
[
Π2(m
2
N −mNmP−c +m
2
P−c
− q2)−mNΠ1
]
fJ/ψλNλP+c mNmJ/ψ(mP+c +mP−c )(mN +mP+c −mP−c )
g˜1 = −e
m
2
P
−
c
M2 e
m
2
N
M′2
(m2J/ψ − q
2)
[
Π2(m
2
N +mNmP+c +m
2
P+c
− q2)−mNΠ1
]
fJ/ψλNλP−c mNmJ/ψ(mP+c +mP−c )(mN +mP+c −mP−c )
. (14)
The sum rules for the strong coupling constants involve some input parameters that are required to obtain the
behaviors of the coupling constants as a function of Q2 = −q2. These input parameters are presented in Table I. In
the calculations the light quark masses, mu and md are set to zero. The above input parameters are not the only
ones required. There exist four more auxiliary parameters: the continuum thresholds s0, s
′
0, appearing after applying
the continuum subtractions according to the standard prescriptions, and Borel parameters M2 and M ′2. We need to
establish them before going further. To specify their working intervals we require weak dependencies of the physical
quantities that we aim to obtain on these parameters and follow some necessary criteria. For determination of the
intervals of Borel parameters we consider the adequate suppression of higher states and continuum and demand the
convergence of the OPE as being a series expansion. Our analysis on results considering these requirements eventuate
in the intervals as follows:
5.5 GeV2 ≤M2 ≤ 7.5 GeV2,
1.0 GeV2 ≤M ′2 ≤ 1.5 GeV2. (15)
The continuum thresholds are not completely arbitrary, but they depends on the energies of the first excited states
in the initial and final channels. In the nucleon channel, the first excited state is well established experimentally. We
choose the value of s′0 such that the first excited state in nucleon channel has not been included in the calculations.
However, in Pc channel, we have unfortunately no sufficient experimental information on the energy of the first excited
state, hence, we choose the region of the continuum threshold s0 in accordance with the information on the spectrum
of the standard charmed baryons and such that the dependence on it be relatively weak. Besides these points, the
OPE convergence and maximum possible pole contribution are our main demands that should be satisfied. These
considerations lead to the intervals,
22.0 GeV2 ≤ s0 ≤ 24.0 GeV
2,
1.8 GeV2 ≤ s′0 ≤ 2.1 GeV
2. (16)
To show how the conditions of the OPE convergence and pole dominance are satisfied we plot their dependence
on the auxiliary parameters, as an example for the structure p′µp
′
ν , in their working regions in Figs. 1 and 2. From
these figures, we see that the standard prescriptions and transformations to sufficiently suppress the contributions of
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FIG. 1: Left: Contributions of the perturbative and different nonperturbative operators to OPE as a function of M2 with
central values of other auxiliary parameters and at Q2 = 4 GeV2. Right: The same as left panel but as a function of M ′2.
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FIG. 2: Left: The pole contribution as a function of M2 at various threshold parameters s0 and s
′
0 . Right: The same as left
panel, but as a function of M ′2.
the higher states and continuum and enhance the pole contributions have ended up in a very good OPE convergence
and a good pole dominance. Such that the contribution of the perturbative part exceeds the total nonperturbative
contributions and when the dimension of operators is increased the contribution decreases leading to a nice OPE
convergence. From figure 2 it is clear that the pole contribution constitutes more than 50% of the total contributions
in the working windows of auxiliary parameters.
Using the working intervals of the auxiliary parameters we plot the dependencies of g1 and g˜1 on the Borel pa-
rameters, M2 and M ′2, in Figs. 3 and 4, respectively. In these figures, for the threshold parameters we apply their
central values. From these figures one can see that, as required, there are a mild dependencies of the results on the
auxiliary parameters. In theory one expects the results be completely independent of these parameters but in practice,
though small, there appear some dependency. As a consequence, this weak dependency of the results on the threshold
parameters and Borel masses brings the main sources of uncertainty to the computation.
After the determination of working intervals of the auxiliary parameters, we apply them together with other input
parameters to obtain the dependence of the coupling form factors on Q2. To represent the results the following fit
functions are applied
gi(Q
2) =
g0
1− a( Q
2
m2
P
+
c
) + b( Q
2
m2
P
+
c
)2
,
g˜i(Q
2) =
g0
1− a( Q
2
m2
P
−
c
) + b( Q
2
m2
P
−
c
)2
. (17)
where g0, a and b are the fit parameters having the values presented in Table II for coupling form factors under
consideration. To exemplify the consistency of the fit functions with our sum rule results we present Figure 5 which
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FIG. 3: Left: g1 as a function of M
2 with central values of other auxiliary parameters and Q2 = 4 GeV2. Right: The same
as left panel but as a function of M ′2.
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FIG. 4: Left: The same as Fig. 1 but g˜1 as a function of M
2. Right: The same as Fig. 1 but g˜1 as a function of M
′2.
shows the dependencies of the strong coupling constants, g1 and g˜1 , on Q
2 obtained from both sum rules and fit
results. This figure indicates that the chosen fit functions represent QCD sum rule results well in the region where
our sum rule results are reliable. Therefore to obtain the coupling constants at Q2 = −m2J/ψ we use the fit functions
and obtain the values of strong coupling constants for considered transitions as presented in Table III. The errors in
the results are due to the errors coming from the determination of the working regions of the auxiliary parameters as
well as the uncertainties of other input parameters.
As a final task in this work we calculate corresponding widths for the decay channels P+c −→ J/ψN and P
−
c −→
J/ψN following the standard methods and using the definitions for the strong couplings defined in Eq. 3 as well as
Coupling Constant g0 a b
g1 −0.232 (GeV
−1) 0.989 0.336
g˜1 0.249 (GeV
−1) 0.891 0.329
g2 2.876 (GeV
−2) 2.452 2.716
g˜2 −0.944 (GeV
−2) 3.338 4.655
g3 1.007 (GeV
−2) 2.427 2.001
g˜3 −0.576 (GeV
−2) 3.374 4.589
TABLE II: : Parameters appearing in the fit functions of the coupling constants.
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FIG. 5: Left: g1 as a function of Q
2. Right: g˜1 as a function of Q
2.
g1 (GeV
−1) g˜1 (GeV
−1) g2 (GeV
−2) g˜2 (GeV
−2) g3 (GeV
−2) g˜3 (GeV
−2)
−0.15± 0.03 0.17 ± 0.04 0.93± 0.25 −0.24 ± 0.07 0.35± 0.08 −0.15± 0.04
TABLE III: : Values of the strong coupling constants.
parameters of the involved particles. Our calculations result in:
Γ(P+c −→ J/ψN) =
f(mP+c ,mJ/ψ,mN )
384πm4
P+c
[
(mP+c −mN )
2 −m2J/ψ
]
×
[
g21φ1 + g
2
2φ2 + g
2
3φ3 + g1 g2 φ4 + g1 g3 φ5 + g2 g3 φ6
]
, (18)
for positive parity and
Γ(P−c −→ J/ψN) =
f(mP−c ,mJ/ψ,mN )
384πm4
P−c
[
(mP−c +mN )
2 −m2J/ψ
]
×
[
g˜21φ˜1 + g˜
2
2φ˜2 + g˜
2
3φ˜3 + g˜1 g˜2 φ˜4 + g˜1 g˜3 φ˜5 + g˜2 g˜3 φ˜6
]
, (19)
9for negative parity, where
f(x, y, z) =
1
2x
√
x4 + y4 + z4 − 2xy − 2xy − 2yz,
φ1 = 8
[
m4J/ψ − 2m
2
J/ψ
(
m2N −m
2
P+c
+mP+c mN + (mP+c +mN )
2(3m2
P+c
+m2N )
)]
,
φ2 = m
6
J/ψ +m
2
P+c
(
3m2
P+c
+m2N
)(
3m2
P+c
+m2N − 2m
2
J/ψ
)
+ 8m2
P+c
(
m2
P+c
−m2N
)2
,
φ3 = 4m
2
J/ψ
[
m2J/ψ
(
m2J/ψ + 10m
2
P+c
− 2m2N
)
+
(
m2
P+c
−m2N
)2]
,
φ4 = −8mP+c
[
m2J/ψ
(
m2J/ψ − 4m
2
P+c
)
+
(
mP+c +mN
)2 (
3m2
P+c
+m2N − 4mP+c mN
)]
,
φ5 = 32mP+c m
2
J/ψ
(
m2J/ψ + 2m
2
P+c
−m2N +mP+c mN
)
,
φ6 = −4m
2
J/ψ
[
m4J/ψ +m
4
N − 11m
4
P+c
+ 10m2
P+c
m2N − 2m
2
J/ψ
(
m2
P+c
+m2N
)]
,
φ˜1 = 8
[
m4J/ψ + 2m
2
J/ψ
(
−m2N +m
2
P−c
+mP−c mN + (mP−c −mN)
2(3m2
P−c
+m2N)
)]
,
φ˜2 = m
6
J/ψ +m
2
P−c
(
3m2
P−c
+m2N
)(
3m2
P−c
+m2N − 2m
2
J/ψ
)
+ 8m2
P−c
(
m2
P−c
−m2N
)2
,
φ˜3 = 4m
2
J/ψ
[
m2J/ψ
(
m2J/ψ + 10m
2
P−c
− 2m2N
)
+
(
m2
P−c
−m2N
)2]
,
φ˜4 = −8mP−c
[
m2J/ψ
(
m2J/ψ − 4m
2
P−c
)
−
(
mP−c −mN
)2 (
3m2
P−c
+m2N + 4mP−c mN
)]
,
φ˜5 = 32mP−c m
2
J/ψ
(
m2J/ψ + 2m
2
P−c
−m2N +mP−c mN
)
,
φ˜6 = −4m
2
J/ψ
[
m4J/ψ +m
4
N − 11m
4
P−c
+ 10m2
P−c
m2N − 2m
2
J/ψ
(
m2
P−c
+m2N
)]
. (20)
Using these formulas and the obtained values for the coupling constants, we find
Γ(P+c −→ J/ψN) = (187.3± 53.8)MeV,
Γ(P−c −→ J/ψN) = (212.5± 60.4)MeV. (21)
As is seen, the obtained central value of the decay width for the negative parity case is relatively close to the reported
central experimental value for the width of the Pc(4380) state previously presented in the text. However, when we
consider the theoretical as well as the experimental uncertainties our predictions for the widths of both parities overlap
with the experimental data.
To sum up, in this work we considered the Pc −→ J/ψN decay channels of both the positive and negative parity
pentaquark states. For the considered transitions the strong coupling constants were calculated via three point QCD
sum rule method using a current having molecular form of [D¯∗Σc] . The results attained for six coupling constants
were used for the calculation of the decay widths of the corresponding channels. In the literature one can find different
assumptions for the inner structures of the observed pentaquark states. Based on these assumptions the masses of these
hadrons are obtained to be nicely consistent with the experimental observations. Therefore to distinguish the different
models and find the best suggestion for the substructure of these states, it is necessary to provide further theoretical
studies on other physical parameters of these states. Among these studies are their strong decay mechanisms. In
this respect this study may provide valuable insights into their substructure and shed light on future experiments.
Combination of the results of the present study on the widths of the positive- and negative-parity Pc decaying to J/ψN
with our predictions on their masses using the same picture from Ref. [29], may help experimentalists to establish the
internal quark organization of the observed Pc(4380) and uniquely determine its parity. One may consider the strong
decays of the positive- and negative-parity Pc(4450) states to J/ψN to compare with the available experimental data.
For this, the corresponding matrix elements in terms of the strong coupling form factors should be defined.
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